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Abstract of JP2002203798 
PROBLEM TO BE SOLVED: To obtain a p- 
type nitride semiconductor with improved 
quality without any annealing after growth. 
SOLUTION: The p-type nitride semiconductor 
has a p-type nitride semiconductor layer 
formed at a higher growth temperature than 
600 deg.C on a substrate. The concentration 
of a positive hole carrier immediately after 
cooling the p-type nitride semiconductor is set 
to 35-100% of the concentration of an 
assumed positive hole carrier at a cooling time 
of 0 minute, in the relationship between 
cooling time required for cooling from the 
substrate temperature for forming the p-type 
nitride semiconductor layer to 600 deg.C and 
the concentration of a positive hole carrier 
obtained after cooling. 
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2 KDiagSriftl 0 0 0*Ct tT**^X$rSM2 1_L 

izmAL%tft>. mm.2 1 £**;i oftmm-t&. zn 
iz^r>.m^.2i nzmizttmtx^&Gwsmnpiti 
lx m » mi ft * . 

[00 56] iKfc, g«2 lcoagSrJ«;5 5 0'C{C^T' 
l£T3-t*\ 'J Ttfxt LXZSAtfm 1 6 L/^Of 

<7>TMGtSrS«2 l±fc*Af*£fcfcJ:'). mM2 
10±ffi±tC, J5$#2 5nmtGaNA>^I.A'7 7 
rJ12 2£lfcft$-t*-&. ZZX'li, **>JT#AlZlf& 

ti&*m#z.<o%zm3.. TMGx«ic P2 MgSr^b$ 

[0057] &IC, aC^iOTMGcOffi^SrV^o^ 

jh^T. stfcaft&m o 5 ort^r#?aL^, 85 



fi**#>l 3 L/^<0^5g^^ai^»£a*^3 L/tfW* 
m^5-^^'JT^t U sSfitf#j4 L/^7yt 
-mt. dSa*^80^mo l/#C9TMGi:. SS 
fi*<#>l 0 c c/#TnIJK-;'?>'NTJ>i>>-y3>'§r 
£"tf 1 Op pmcO^y^^V (S i H 4 ) tfAtZmfc 
2 1 ±lc**> 6 0m®$A-?& Z t iz J: 0 , A -y 7 r Jf 2 
2±£. IS*>'2«mT'S i A<H-rSil^GaN*^ 
^r«. nla 7 hJl 2 3 

[00 58] TMGRX/S iHttfXnmt&ZW 

±Ltz&. gm.iSJ£ZV}7 5 0°Clz£X&i&$1tZ. £ 
«*ftjWr. 'J TtfXfc LT8HbW» 1 4 L/# 
«og*#x fc , <1ta*>'*5;6 L/^ryt-7^t , 
854^4^ mo 1/tOTMGt, SSfi#S9 5 /i m o 

1 /^<08iJcr)in^j!gT-ftl. h 'J*?-;M (T 
MI) fc£g«2 ULlzmx-thZblzX*). nlny 
9?Y®2 3±lZ, I$*t3nm«I nGaN^W 
*-*F#F«ia<0«3e«2 4t*ftS*45. £<0« 
£\ H3fcJ124?)I nmm±&)0. 2fc&l>. 

[0059] mz. TM I <T)m&iWk.Ltzlk. V 

mnTMG$*<?>££<7>wiM.X'mffi.2iizmAL. mm 
o 5 oxiiz&x'fmt&tx'com^ mem 

2 4±tcH$*U 0 n mO)G a N*»^Sm 1 <?)7 7 y 
H^2 5Sr^$-t*-&. 

[0060] 1 0 5 0*CC1 L3t 

Ty*:-TfiXb. £SEi*^4 0//mo 1/^C0TMG 
i: . SESjWB 6«mol /^Sdcoi I I^jlST'&S h 'J 
^-?-;kT;P5— >7A (TMA) k. mMtf$0O. 1 um 
o l/^Cp 2 MgfcS:Sil2 l±t,zmx?hZtlZ 
J:O.Sl<0?57l«125±t. J¥$*^0. 2^m-C' 
Mg*^K-r$iX^pMA 1 GaN*>&3r.g>§g2<7)?5 
•y HJ12 6S:^§-ti-S. 

[0061 ] <XIZ. TMAcr>mtet:&±Lt:&. mm 

mmi o 5 o*c<?)£a-t\ as^i 3 l/^m^ 

Ojumo 1/^COTMGt, cSS*>'^0. 2>umol/ 
^<0CPiMgtJrSS2 l±(c«A-f&£ttcJ: 0. 
S2W5 7 H«26±CC. iP$*^0. 3/imtMg*! 
h'-T$^pMGaN*^^r&pSn>^^ HJ12 7 

[oo62]»;c. vm.iv?9ym2i*mm^tz 
mm&tfxt lx , ssa*<*<; 1 3 l/^-co^t!?' 

^. Bf[S*^3 L/^£07l<^pyxai^^«*5$«;4 L/t»- 
^T^xr^fcSr^i&gtcSSAt^*^. s^ias 
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Jiz.*<n*mti*wmmi 5%. ryt-rtrxwyg. 
1 0 5 om6o oxuz&x&wrthYaimffi* 5# 

[0063] JJLhO J: 3 LT#^ft*:M-ffcW^# 
®2f>mfpm^V99Y®21l,Z\z-71$tltz'?7*- 

[00 64] mz^ MtucvDmzm^x. pi^v 
?* hvv7?7 jmzm^x, tmttusvaymt 

miznLX?fm$1k<ri^9-->yZ'<n*j:'>X. y'J3 
ymmfrb «r h x -y * y^fflo -7X 9 - y £ BftL 
«£wt, d JfjvvtxtfrJ'df^ 
■wWifcttLT. nMay??bm2 3tfmiii-t&&X' 

[00 6 5] «i«aWR6tfflV>T, mtHLtm 
mayf?b®2 3±t,Zn mW.®2 9 SrSlSWKJgfiS; 
U R^cLTpSn^^^ h^2 7±lC P ffl!l«fig2 8 

[0066] ifclC. S$2 1 OXt:?* >-wL-/IfcS*r 
fl&Offi (Sffi) £««2 lOJPSin 0 0*tmfi*fcSr 

*^$ii/iH^Of- yrS:^^«Hffly2:±|6]^{c 

±op®ifl:si2 8 1 nfiamfig 2 9 1 
Mcv-r-wckOttKU •E-wt*. f--yrs-8Si§»± 

[0067] ^J^teLTW&njfcSHtr-fjr-F* 
7C*fLT, 2 0mAcOJ«*-|6ima[fc:J: l 3iSaH-6i:. 
tr-?&j|a*4 7 0 nm<7)W-&3fe!P*ai^$iXl)C:i: SrH 
BUTV^6. £Ofc£w3fcft{f}:fl«:2. OmWC-JfeO, 
JTO5rl*HWWB44. OVtSiS. 

[0068] (%mnfm2<mi$&&m) *mmcm 

m2l,z®Z,tfifflxmi,zt3^X . xt^S-wma^rit 
£ft.Jt&;K2 1 SrJ&gi&gOift 10 5 0'C*><s> 6 0 0°C 

(ctT^ai-r^^ai^5-2 ia3tc^-r<fi 

JSSiXJtSBfc^-r 3T-F*FIOfUT, 2 0mA<OJHI^ 
Ifi]«S[T-|gl!rf S t . e-^jg^3&54 7 0nmC7)W€i3t 
5-5112 I/O**. ^OH^O^feai^ 
JiO. 5mWT. dH:frftfM£mBEli5. 0VT"*>&. 

[0069] < \twM) ^m^mm^zm^miLmz 

fflKOift 1 0 5 0'CA^ 6 0 OXIlzZX'ISW-thiSiilEf 
ia£4 0#i LX . H3 f3jVffl|j£<?>%£?'<f *- F5SI 



FSimcSt UT , 2 0 m ACOMS^rSimSST-SBa!) L*: t -r 

[ o o 7 o ] @4 \**?m<rmi&<mm 2 , 1 g 

S I MS^W:J:&^lTftl.. fnew3ii0oS^ 

mmz\m-<n8*irztti,x\.^h. tti. ^i&mcoi 
0 5 o°cttj&tp£>6 0 o'ctc^-c^ai-r^^a^sti. 
am 1 Awimmmco snwm&i* sta 1 B#-eco 

-2?&mX'b& 2 5ftcr>mit : $:. f1ll& 1 C#Jt!K0i|T$> 
64 O^iS^-Sr^tTV^. 
[0 07 1 ] i4<oftglAA>WSJ:9(:, Ht£n* 
H**54HO«^li. ^®Wjfi<7)*^ffiS(ii^3. 0X1 
0> ! >cm-3-C'J) t ), *Ha>4>S«#l*l (ni3y??h 
S2 3*[6J) {C(6]*>d{C-P^T«^-L. S2^77H 
H 2 6tcfev^T{i**iaS{4JJ{J-^c7)^ 1 . oxio 

^3til24aO r nM3>'^^F«2<±, ^tUT(!R02. 
0X10 18 cm-3jaTT'S>.S. 

[ 0 0 7 2 ] sg 1 gmmiz&z &ia 1 b ic^-r^ai^ 

#2 5#<Z)i^(i s ^H#3fi<?5*lgjflS{i*<J 1.0X1 

o ! »cm-3T'&>), msfr^mRiftinizftfroiz^tix 

m&L. W.2<7)?7-v K«2 6^*3^-C**aiS(i{5<3;' 

1 x 1 0 1 9 c m- 3 S-SrT d ^'^-g. . 
[0073] Jtl^JK^Sft^ 1 C(C^-T^B]B#|a*i4 

0 ftcoifr&a . &ffitti&<?>7mmm m 3 . oxio» 

|g2<0^ 7 y V® 2 6 (ctJV^TyK^lilJSfiJJa'— ^ 
OftJ 1 x 1 0 19 cm-3£^LTV>£. 
[0074] £tz. a4(^-r<i: olz. <§fflmfflti t 2 5 

StilS 2W7 7KI2 6 cr>?km®J%<?> 1 0 SWrt 

[0075] vxmm ttix o 

OJBlSSBffKciii:. pMwm2co^7-y H»2 6ft 
Ifpmxiy?? b®27<7)l8M : mzt5W&**rOTtfA 
IC. *«j5^JI%-*t)7 0Si%. #*L<Ji$«Jl 5§S 
%W*l!I^X$-|ry>-C^$^l» i fc J: •) . ^ftiEf* 

[ 0 0 7 6 ] § <?>(C, #aUtfi£fcVvC. 6 0 O'CWJ: 

^ftiag*^6 o oxMmztx-^m-^&^m^ 

*«j3 0^Wrt. »^L<ii5^StL. #H§v^xSr 
*«) 5 0 ®&%WF<?>7lim*fXRV ! #} 0 . 5 Sfi%ULh<0 

iKOjEfL^f -v U Tmsg.<r)m>-?£Z 0 %~ 9 5 %^S^?P 
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[0077] 



[01] *^O^6c0^ 1 IZ&h plIftW#«: 
[02 ] ^BJcoHSStO^ffl 1 Kfi&& pS^ltffctf^ffc 

iM3) *wa<vmmcmm2izmhmitwmftmt 
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